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PURPOSE: To provide a new optical device having recessed face 
formed by utilization of etching. 

CONSTITUTION: A layer of photoresist 20 is formed on a device 
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device material 10 are subjected to isotropic etching to form concave 
shape 101 in the device material according to the recesses 201. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical device manufacture approach characterized by to perform exposure and 
development to the layer of the above-mentioned photoresist of the device ingredient formed in the 
front face in the layer of a photoresist, to form a predetermined concave surface configuration in the 
layer of the above-mentioned photoresist, to make the above-mentioned concave surface configuration 
into a start configuration, to perform isotropic etching to the layer and the device ingredient of a 
photoresist, and to form the concave bend side configuration according to the above-mentioned 
concave surface configuration in the above-mentioned device ingredient. 

[Claim 2] Exposure and development are performed to the layer of the above-mentioned photoresist of 
the device ingredient formed in the front face in the layer of a photoresist. Form a predetermined 
concave surface configuration in the layer of the above-mentioned photoresist, and an anisotropy is 
etched to the layer and device ingredient of a photoresist. Form the 2nd concave surface configuration 
where the above-mentioned concave surface configuration was deepened to the device ingredient side, 
and the above-mentioned 2nd concave surface configuration is made into a start configuration. The 
optical device manufacture approach characterized by performing isotropic etching to the layer and 
device ingredient of the above-mentioned photoresist, and forming the concave bend side configuration 
according to the above-mentioned 2nd concave surface configuration in the above-mentioned device 
ingredient. 

[Claim 3] The predetermined mask pattern by the etching-proof nature ingredient is minded. The layer 
of a photoresist Exposure and development are performed to the layer of the above-mentioned 
photoresist of the device ingredient formed in the front face. Form a predetermined concave surface 
configuration in the layer of the above-mentioned photoresist, and an anisotropy is etched to the layer 
and device ingredient of a photoresist. The optical device manufacture approach characterized by 
forming the 2nd concave surface configuration where the above-mentioned concave surface 
configuration was deepened to the device ingredient side, performing isotropic etching to a device 
ingredient by making the above-mentioned 2nd concave surface configuration into a start configuration, 
and forming the concave bend side configuration according to the above-mentioned 2nd concave 
surface configuration in the above-mentioned device ingredient. 

[Claim 4] Patterning of the predetermined pattern is carried out to the above-mentioned mask layer of 
the device ingredient formed in the front face in the mask layer containing the ingredient which bars 
etching. Make the front face of a device ingredient expose according to the above-mentioned pattern, 
and etching of isotropy or an anisotropy is performed to the above-mentioned device ingredient. The 
optical device manufacture approach characterized by performing isotropic etching and forming the 
concave bend side configuration according to the above-mentioned start configuration in the above- 
mentioned device ingredient by making the above-mentioned concave surface configuration into a start 
configuration after forming the concave surface configuration according to the above-mentioned pattern 
and removing the above-mentioned mask layer. 

[Claim 5] As opposed to the layer of the above-mentioned photoresist of the device ingredient formed 
in the front face in the layer of a photoresist by the photolithography Form the shape of predetermined 
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surface type, etch an anisotropy to the above-mentioned photoresist layer and a device ingredient, 
engrave a device ingredient with the shape of above-mentioned surface type, and a counterpart and the 
configuration by which the engraving copy was carried out are made into a start configuration. The 
optical device manufacture approach characterized by performing isotropic etching to a device 
ingredient and forming the concave bend side configuration according to the above-mentioned start 
configuration in the above-mentioned device ingredient. 

[Claim 6] The optical device manufacture approach which makes isotropic etching to a start 
configuration dry etching, and is characterized by changing the reaction chamber internal pressure under 
etching gradually and/or continuously in the optical device manufacture approach claims 1 or 2, 3 or 4, 
or given in five. 

[Claim 7] The optical device manufactured by the optical device manufacture approach claim 1 , 2 or 3, 4 
or 5, or given in six. 

[Claim 8] The optical device which comes to form the reflective film in the concave bend side 
configuration formed in the device ingredient by the optical device manufacture approach claim 1, 2 or 3, 
4 or 5, or given in six. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an optical device and the optical device manufacture 

approach. 

[0002] 

[Description of the Prior Art] The method of using etching is learned as an approach of generating the 
refracting interface and reflector in the micro optical system which makes a micro lens the example of a 
type (for example, JP.5-1 73003.A). 

[0003] The creation of the minute curved surface using etching is the latest technique comparatively, 

large possibility is hidden and active ED is expected. 

[0004] 

[Problem(s) to be Solved by the Invention] This invention aims at offer of the new optical device which 
formed the concave surface using etching (claims 7 and 8). 

[0005] another object of this invention — the above — it is in offer of the new optical device 

manufacture approach for manufacturing a new optical device (claims 1-6). 

[0006] 

[Means for Solving the Problem] "The device ingredient formed in the front face in the layer of a 
photoresist" is used for the "optical device manufacture approach" of invention according to claim 1. In 
a "device ingredient" and this description, the ingredient matter which serves as an actual condition 
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part of an "optical device" eventually is meant. A device ingredient can be especially used without a 
limit, if it is the solid-state which can be etched. For example, if it is the case where Japanese lacquer 
and the optical device using an echo will be manufactured using suitably glass, plastics, Si, the ceramics, 
a single crystal ingredient, etc. in a device ingredient if it is the case where what uses refraction as an 
optical device is manufactured, ceramic ingredients other than the various above-mentioned ingredients, 
such as various metals, and the metallic material and amorphous metals of Si, such as a super-steel 
alloy, SiC, Si3N4, SiAION, can be used. 

[0007] Exposure and development are performed to the layer of the above-mentioned photoresist, and 
"a predetermined concave surface configuration" is formed in the layer of a photoresist. Then, the 
above-mentioned concave surface configuration is made into a "start configuration", "isotropic etching" 
is performed to the layer and device ingredient of a photoresist, and the concave bend side 
configuration according to the above-mentioned concave surface configuration is formed in a device 
ingredient. 

[0008] The "optical device manufacture approach" of invention according to claim 2 uses "the device 
ingredient formed in the front face in the layer of a photoresist." Exposure and development are 
performed to the layer of the above-mentioned photoresist, and "a predetermined concave surface 
configuration" is formed in the layer of a photoresist. Subsequently, "an anisotropy is etched" to the 
layer and device ingredient of a photoresist, and the "2nd concave surface configuration" where the 
above-mentioned concave surface configuration was deepened to the device ingredient side is formed. 
[0009] Then, "isotropic etching" is performed to the layer and device ingredient of a photoresist by 
making the 2nd concave surface configuration into a start configuration, and the concave bend side 
configuration according to the above-mentioned 2nd concave surface configuration is formed in a device 
ingredient. 

[0010] "The device ingredient formed in the front face in the layer of a photoresist through the 
predetermined mask pattern by the etching-proof nature ingredient" is used for the "optical device 
manufacture approach" of invention according to claim 3. That is, the predetermined mask pattern by 
the pair etching nature ingredient is formed in the front face of a device ingredient, and a photoresist 
layer is formed on this mask pattern. 

[001 1] Exposure and development are performed to the layer of the above-mentioned photoresist, and 
"a predetermined concave surface configuration" is formed in the layer of a photoresist. 
[0012] Subsequently, an anisotropy is etched to the layer and device ingredient of a photoresist, and the 
"2nd concave surface configuration" where the above-mentioned concave surface configuration was 
deepened to the device ingredient side is formed. Since a "mask pattern" intervenes between the layer 
of a photoresist, and a device ingredient, and a mask pattern is etching-proof nature and it is not etched, 
the "2nd concave surface configuration" formed of etching of an anisotropy can become a different 
thing from the 2nd concave surface configuration in invention according to claim 2. 

[0013] Then, "isotropic etching" is performed to a device ingredient by making the 2nd concave surface 
configuration into a start configuration, and the concave bend side configuration according to the 
above-mentioned 2nd concave surface configuration is formed in a device ingredient. At this time, a 
mask pattern may be removed if needed. 

[0014] "The device ingredient formed in the front face in the mask layer containing the ingredient which 
bars etching" is used for the "optical device manufacture approach" according to claim 4. To the 
above-mentioned mask layer, patterning of the predetermined pattern is carried out and it carries out 
"exposing the front face of a device ingredient according to the above-mentioned pattern." 
Subsequently, etching of isotropy or an anisotropy is performed to a device ingredient, and the concave 
surface configuration according to the above-mentioned pattern is formed. Then, a mask layer is 
removed, "isotropic etching" is performed by making the above-mentioned concave surface 
configuration into a start configuration, and the concave bend side configuration according to the 
above-mentioned start configuration is formed in a device ingredient. 
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[0015] "The device ingredient formed in the front face in the layer of a photoresist" is used for the 
"optical device manufacture approach" according to claim 5. 

[0016] To the layer of a photoresist, by the photolithography, "the shape of predetermined surface 
type" is formed, an anisotropy is etched to a photoresist layer and a device ingredient, and the shape of 
above-mentioned surface type is carved and copied into a device ingredient. 

[0017] "Isotropic etching" is performed to a device ingredient by making "the configuration by which the 
engraving copy was carried out" into a start configuration, and the concave bend side configuration 
according to a start configuration is formed in a device ingredient. 

[0018] In the optical device manufacture approach of above-mentioned claim 1 - 5 publication, the 
"optical device manufacture approach" according to claim 6 makes "dry etching" isotropic etching 
performed to a start configuration, and changes the reaction chamber internal pressure under etching 
gradually and/or continuously. 

[0019] In the optical device manufacture approach of one to these claims 6 publication, the concave 
bend side configuration formed in a device ingredient can be used as a "refracting interface 
configuration" or a "reflector configuration." In addition, in the optical device manufacture approach of 
the one to claim 6 above-mentioned publication, one or 2 or more are sufficient as the concave bend 
side configuration formed in a device ingredient, and when forming two or more concave bend side 
configurations, it can form these in an array array configuration. 

[0020] Moreover, to the cylinder side of concave, the deformation cylinder side of concave, and a pan, 
various configurations of the concave bend side configuration formed in a device ingredient, such as an 
ellipsoid of revolution of concave, are possible for the concave spherical surface or the aspheric surface 
of concave from the first. 

[0021] As "a device ingredient formed in the front face in the mask layer containing the ingredient which 
bars etching" in the optical device manufacture approach of the claim 4 above-mentioned publication 
Si02 film can be prepared in "device ingredient which formed Si (100) side selectively or it comes to 
grind in respect of having Si (100) side" up, the layer of a photoresist can be prepared on it, and what 
used Si02 film and the layer of a photoresist as the mask layer" can be used. 

[0022] An "optical device" according to claim 7 is an optical device manufactured by the optical device 
manufacture approach according to claim 1 to 6. By the optical device manufacture approach according 
to claim 1 to 6, when the device ingredient which has a concave bend side configuration formed is "a 
transparent ingredient", the concave bend side configuration formed can be used as a negative 
refracting interface, and as an "optical device", it can use as a micro concave lens, a micro concave 
lens array, etc. (when a concave bend side configuration is formed in the shape of an array). Of course, 
it is also possible to form a convex surface configuration in the same device ingredient combining a 
concave bend side configuration, and to combine these with it as a refracting interface of concave and a 
convex. 

[0023] Moreover, by forming the reflective film in the concave bend side configuration formed by the 
optical device manufacture approach according to claim 1 to 6, it can use as a "concave reflector" 
(claim 8), and can use as a micro concave mirror, a micro concave mirror array, etc. as an optical device. 
[0024] When ceramic ingredients, such as a metallic material and amorphous metals of Si, such as the 
above-mentioned super-steel alloy, SiC, Si3N4, and SiAION, are used as a device ingredient, an optical 
device according to claim 7 can be used as a "die" for forming the convex surface configuration which 
reversed the formed concave bend side configuration. 

[0025] Moreover, as for isotropic etching, it is desirable that it is physical etching of ECR plasma etching, 

RIE, etc. 

[0026] 

[Function] Like the above, in this invention, first, the concave surface configuration as a "start 
configuration" is formed, and the concave bend side configuration made into the object is formed in a 
device ingredient by performing "isotropic etching" to this concave surface configuration. Therefore, the 
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creation of an extensive concave bend side configuration becomes possible by "put together as the 
concave surface configuration as a start configuration, and isotropic etching." 

[0027] By isotropic etching, since etching advances uniformly in all the directions, a "rectangle" and the 
concave surface configuration of a "wedge action die" are the processes of the change, for example, 
although the cross section changes [ the cross-section configuration ] with isotropic etching to the 
curved-surface configuration of a "radii configuration", and since various concave bend side 
configurations appear, various concave bend side configurations are realizable with the etching time of 
isotropic etching. 

[0028] Or like invention according to claim 6, isotropic etching can be made into dry etching and the 
more extensive concave bend side configuration for changing reaction chamber internal pressure 
gradually and/or continuously can be realized. 

[0029] In addition, a start configuration is determined experimentally and/or theoretically according to 
the concave bend side configuration (a path, a pitch, depth) made into the object, a substrate ingredient, 
etching conditions, etc. 
[0030] 

[Example] Hereafter, a concrete example is explained. Drawing 1 is drawing for explaining the example 
which applied the optical device manufacture approach according to claim 1 to manufacture of the array 
of the micro lens of negative refractive power. 

[0031] In drawing 1 (a), the device ingredient shown with a sign 10 is parallel plate-like in a transparent 
optical material, and the layer of the photoresist 20 of a positive is formed in the flat field of one of 
these. 

[0032] Although exposure and development are performed in the layer of a photoresist 20 and a 
predetermined concave surface configuration is first formed in the layer of a photoresist 20 by the 
optical device manufacture approach according to claim 1 Although the micro-lens array 50 currently 
exposed using the micro-lens array 50 comes to carry out the array array of the refracting interface of 
a convex and is not illustrated by one side of a parallel plate-like transparence plate, parts other than a 
refracting interface are having the light-shielding film formed in the example of drawing 1 , as shown in 
drawing 1 (a). 

[0033] From the upper part of the micro-lens array 50, if homogeneity light is irradiated, it will be 
condensed by operation of a refracting interface, and the light which carried out incidence to each 
refracting interface will serve as the convergence flux of light, and will carry out incidence to the layer 
of a photoresist 20. The micro-lens array 50 is close to the front face of the layer of a photoresist 20, 
and is arranged on it, and the thickness of the layer of a photoresist 20 is set up so that the 
convergence flux of light by the above-mentioned refracting interface may condense exactly into the 
interface part of the layer of a photoresist 20, and the front face of the device ingredient 10. 
[0034] Thus, if it exposes, negatives will be developed and the exposed part in a photoresist 20 will be 
removed. Then, as shown in drawing 1 (b), the concave surface configuration 201 of a V character mold 
is formed for a cross section. This concave surface configuration 201 is the concave surface of "the 
shape of a earthenware mortar which made the conical surface reverse." 

[0035] If "isotropic etching" is performed by making the concave surface configuration 201 of "the 
shape of this earthenware mortar" into a "start configuration", as shown in drawing 1 R> 1 (c), the 
concave spherical-surface configuration 101 can be formed as the shape of surface type of the device 
ingredient 10 as a "concave bend side configuration" according to the "earthenware mortar-like 
concave surface configuration" which is a start configuration. Thus, the micro concave lens array which 
uses the concave spherical-surface configuration 101 as a refracting interface is obtained (claim 7). 
[0036] If the reflective film is formed in the above-mentioned concave spherical-surface configuration 
101, it can be used as a micro concave mirror array (claim 8). 

[0037] In addition, in drawing 1 , it will be understood easily that the array of the cylinder side of 
concave can be formed in the direction which intersects perpendicularly the refracting interface of the 
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convex in the micro-lens array 50 with the drawing of drawing 1 (a) at a long cylinder side, then the 
device ingredient 10. Of course, it cannot be overemphasized that the reflective film may be formed in 
the cylinder side of such concave. 

[0038] Drawing 2 is drawing for explaining the example which applied the optical device manufacture 
approach according to claim 2 to manufacture of the array of the micro lens of negative refractive 
power. 

[0039] By the optical device manufacture approach according to claim 2, as well as the case of the 
optical device manufacture approach according to claim 1 based and explained to drawing 1 , "the 
device ingredient formed in the front face in the layer of a photoresist" is used, exposure and 
development are performed to the layer of a photoresist, and a predetermined concave surface 
configuration is formed in the layer of the above-mentioned photoresist. Therefore, it is the same as the 
case of the optical device manufacture approach according to claim 1 until the above-mentioned 
predetermined concave surface configuration is formed in the layer of a photoresist. 
[0040] Then, also in this example, suppose that it is the same as that of the process of (a) in the 
example of drawing 1 , and (b) until it forms a predetermined concave surface configuration in the layer 
of a photoresist. 

[0041] If a predetermined curved-surface configuration is formed in the layer of a photoresist 20 as 
shown in drawing 1 (b), next, an anisotropy will be etched to the layer and the device ingredient 10 of a 
photoresist 20, the above-mentioned concave surface configuration (part shown with the sign 201 of 
drawing 1 (b)) will be deepened to the device ingredient 10 side, and the 2nd concave surface 
configuration 202 of **** shown in drawing 2 (a) will be formed. 

[0042] Then, if "isotropic etching" is performed to the layer and the device ingredient 10 of a 
photoresist 20 by making the 2nd concave surface configuration 202 into a start configuration, as shown 
in drawing 2 (b), the concave bend side configuration 102 according to the 2nd concave surface 
configuration 202 can be formed in the device ingredient 10. 

[0043] In this example, a photoresist 20 differs in the etch rate to isotropic etching from the device 
ingredient 10, and the formed concave bend side configuration 102 is the "aspheric surface 
configuration" where the curvature near the crowning is strong. 

[0044] Drawing 3 is drawing for explaining the example which applied the optical device manufacture 
approach according to claim 3 to manufacture of the array of the micro lens of negative refractive 
power. 

[0045] By the optical device manufacture approach according to claim 3, "the device ingredient formed 
in the front face in the layer of a photoresist through the predetermined mask pattern by the etching- 
proof nature ingredient" is used. 

[0046] In this example, the layer of a photoresist 20 is formed in the field of one side of the parallel 
plate-like device ingredient 10 which is a transparent optical material through the predetermined mask 
pattern 30 by the etching-proof nature ingredient. A mask pattern is a pattern which has opening 
corresponding to the array of the refracting interface of the convex of the micro-lens array 50. 
[0047] If a homogeneity light exposure is performed through the micro-lens array 50, the layer of a 
photoresist 20 is exposed and negatives are developed, as shown in drawing 3 (b), the predetermined 
concave surface configuration 201 will be formed in a photoresist 20. The process so far is the same as 
that of the case of the example of drawing 1 . 

[0048] As an anisotropy is etched to the layer and the device ingredient 10 of a photoresist 20 and it is 
shown in drawing 3 (c) from this condition, the 2nd concave surface configuration 203 where the 
concave surface configuration 201 was deepened to the device ingredient 10 side is formed. At this time, 
a mask pattern 203 has the resistance over anisotropic etching, and is not etched. 
[0049] If "isotropic etching" is performed to the device ingredient 10 by making the 2nd concave 
surface configuration 203 into a start configuration after removing a mask pattern 30, as shown in 
drawing 3 (d), the concave bend side configuration 103 according to the 2nd concave surface 
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configuration 203 can be formed in the device ingredient 10. 

[0050] When a start configuration has the shape of a cylinder which made the point the shape of a cone, 
the formed concave bend side configuration 103 is the "aspheric surface configuration" where the 
curvature near the crowning is strong. 

[0051] From now on, claim 2 and the optical device manufacture approach .of three publications will be 
suitable for manufacture of an optical device with the aspheric surface configuration of concave so that 
clearly. Of course, the array of a deformation cylinder side where a cross-section configuration is given 
to a long cylinder side, then a long device ingredient in drawing 2 (b) and the field configuration of 
drawing 3 (d) is acquired in the direction which **** the refracting interface in the micro-lens array 50 
on the drawing of drawing 3 (a). 

[0052] It is these drawing 2 and the example shown in 3, and a reflector is formed in the concave bend 
side configuration formed in the device ingredient, and, of course, it can be used for it as a micro 
concave mirror array. 

[0053] Drawing 4 is drawing for explaining the example of the optical device manufacture approach 
according to claim 4. 

[0054] By the optical device manufacture approach according to claim 4, "the device ingredient formed 
in the front face in the mask layer containing the ingredient which bars etching" is used. In drawing 4 (a), 
device ingredient 10A consists of Si ingredients, and has the smooth field which formed Si (100) side 
selectively or was ground in respect of having a field selectively (100). 

[0055] Si02 film is prepared on the above-mentioned (100) field of such device ingredient 10A, the layer 
of a photoresist is prepared on it, and mask layer 20A consists of these SiO(s)2 film and a layer of a 
photoresist. 

[0056] Patterning of the predetermined pattern (the shape of a slit [ The example of drawing ]) is 
carried out, and the front face of a device ingredient is made to expose to mask layer 20A according to 
a pattern. 

[0057] In this condition, "anisotropic etching" is performed with the anisotropy etching reagent which 
consists of an oxidizing agent, a chelating agent, and water. Then, the etch rate of the <100> directions 
of Si is quick, since the etch rate of the <1 1 1> directions is the slowest, as shown in drawing, a field 
(111) appears in a side attachment wall, and the slot of a V character mold is formed for a cross- 
section configuration. 

[0058] If the opening configuration of a mask layer is made into a "rectangle configuration", the result of 
the above "anisotropic etching" will serve as a reverse pyramid configuration, as shown in drawing 4 (b). 
[0059] In addition, Si02 film is prepare in the smooth front face of a device ingredient, and if Si crystal 
of predetermined thickness is form so that a front face may turn into a field (100), and the above- 
mentioned mask layer is further form on it, since the effectiveness of the above-mentioned anisotropic 
etching is stop by Si02 film of a device material list side, it can form the V character slot of a plane 
[ pars basilaris ossis occipitalis ], or a reverse truncation pyramid configuration. 
[0060] Thus, it will be easily understood by performing isotropic etching into a device ingredient by 
making the formed concave surface configuration into a start configuration that cylinder side-like a 
concave surface and a concave spherical-surface configuration can be formed. 

[0061] In the example based and explained to drawing 4 (a), drawing 4 (c) carries out patterning of the 
mask layer to the shape of a slit, makes a device ingredient side (Si (100) side) expose in a slit part, and 
shows the condition of having performed isotropic etching with the isotropic etching reagent which 
consists of fluoric acid, a nitric acid, and an acetic acid. In this case, to all the crystal faces, since it is 
equal, as shown in drawing, the concave surface configuration of a cylinder side configuration will be 
acquired for the etch rate to Si. 

[0062] In the example based and explained to drawing 4 (b), drawing 4 (d) carries out patterning of the 
mask layer to a circle configuration, makes a device ingredient side (Si (100) side) expose in a circular 
part, and shows the condition of having performed "isotropic etching" with the isotropic etching reagent 
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which consists of fluoric acid, a nitric acid, and an acetic acid. In this case, to all the crystal faces, since 
it is equal, as shown in drawing, a concave spherical-surface-like concave surface configuration will be 
acquired for the etch rate to Si. 

[0063] If isotropic etching is performed by making into a start configuration the concave surface 
configuration formed as shown in drawing 4 (c) and (d), the concave bend side configuration of the 
concave bend side configuration of a cylinder side configuration or a concave spherical-surface 
configuration can be formed as the shape of surface type of a device ingredient. 

[0064] Drawing 5 is the example which applied the optical device manufacture approach according to 
claim 5 to manufacture of the array of the micro cylinder lens of negative refractive power. 
[0065] By the optical device manufacture approach according to claim 5, "the device ingredient formed 
in the front face in the layer of a photoresist" is used. In this example, the device ingredient 10 is a 
transparent optical material, it is parallel plate-like and the layer of the photoresist 20 of a positive is 
formed in the smooth field of that one side. 

[0066] The shape of predetermined surface type is formed in the layer of a photoresist 20 of a 
"photolithography." In this example, the mask 60 which has the grid pattern which makes the longitudinal 
direction of drawing 5 (a) the pitch direction was stuck on the front face of a photoresist 20, the 
homogeneity light exposure was performed, development removed the exposed photoresist part after an 
appropriate time, and the relieMike pattern of the three dimension according to the above-mentioned 
grid pattern as shown in drawing 5 (b) was formed as the shape of surface type of a photoresist 20. 
[0067] In this condition, "anisotropic etching" is performed to a photoresist layer 20 and the device 
ingredient 10, and the shape of above-mentioned surface type is carved and copied into a device 
ingredient. Thus, the configuration by which the engraving copy was carried out is shown in drawing 5 (c). 
The depth of a configuration: C can be adjusted by adjusting the selection ratio of anisotropic etching. 
[0068] "Isotropic etching" is performed to the device ingredient 10 by making into a start configuration 
the configuration by which the engraving copy was carried out, and the concave bend side configuration 
according to a start configuration is formed in the device ingredient 10. The optical device which the 
concave surface configuration formed becomes what arranged the cylinder-like side of concave in the 
case of this example, therefore is obtained can be used as an array of the micro cylinder lens of 
negative refractive power. 

[0069] The configuration (cross-section configuration) of the cylinder-like side of the concave formed at 
this time is a start configuration (it changes with flute width:A, the proportion of channel depth:C, and 
etching conditions in drawing 5 (c).). That is, the configuration after isotropic etching changes with the 
dimension and etching conditions of a start configuration. 

[0070] In drawing 5 (c), dimension:A is small, and as a cross-section configuration approaches a 
semicircle configuration as shown in drawing 5 (e), and a cylinder-like concave bend side configuration is 
shown at drawing 5 (d) in the case of reverse, the plane part formed in the base section of a cylinder- 
like concave surface configuration becomes large, so that dimension:C becomes large, and, so that an 
etching pressure becomes high. 

[0071] In each example explained to drawing 1 - drawing 5 , the gestalt of the concave bend side 
configuration formed can be variously changed by making isotropic etching to a start configuration into 
dry etching, and changing gradually and/or continuously the nature internal pressure of a reaction under 
etching (claim 6). 

[0072] In the example of drawing 5 , it cannot be overemphasized by forming the reflective film in the 
concave bend side configuration acquired that it can consider as the optical device of a reflective mold. 
Moreover, of course, the die for convex surface configuration shaping can also be obtained by choosing 
the suitable ingredient for a device ingredient in each above-mentioned example. 
[0073] Hereafter, a concrete example is explained. 

[0074] Concrete 1 example of the example of example 1 drawing 1 is explained. On this, the spin coat of 
the positive type photoresist 20 was carried out, it was prebaked, using a "synthetic quartz ingredient" 
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as a device ingredient 10, and it considered as the thickness:20micrometer layer. The micro-tens array 
50 was stuck in the layer of a photoresist 20, and homogeneity light was irradiated and was exposed. 
[0075] This micro-lens array 50 is a thing like a less or equal. 

[0076] Board thickness: The layer of a photoresist was formed in one side of 2.205mm and the parallel 
plate-like glass ingredient of SF-60, the radius:1 .028mm circular convex spherical surface was formed in 
two-dimensional array by pitch:2mm by the photolithography method, and this convex surface 
configuration was carved as the shape of surface type of the above-mentioned parallel plate by etching 
of an anisotropy, and was copied. Thus, the micro-lens array as shown in drawing 1 (a) with a sign 50 
was produced. 

[0077] The effective diameters of the lens by the refracting interface are 1.600mm and lens pitch:2.0mm. 
A refracting interface is an aspheric surface configuration and is Ch2/formula Z={1+root[1-(k+1) 
C2h2]}+ah4C=1/R of the well-known aspheric surface (R: main radius of curvature). 

k: Cone constant:k=-0.3 166581 in the distance from cone constant and a:4th aspheric surface constant 
Z:aspheric surface top-most vertices, the 4th aspheric surface multiplier : it is the configuration 
specified by a- 0.1501482x10-2. Parts other than a refracting interface were masked by Ti vacuum 
evaporationo film. Therefore, this micro-lens array is an array of a plano-convex lens. 
[0078] Although each refracting interface of the above-mentioned micro-lens array 50 has the aspheric 
surface configuration which collapsed from the spherical-surface configuration like the above, control of 
the etching conditions in the case of etching of the above-mentioned anisotropy, i.e., the configuration 
which crushed the spherical-surface configuration by lowering a selection ratio (the amount of oxygen 
installation being made [ many ]), can manufacture it easily. 

[0079] This micro-lens array 50 was stuck in the layer of the photoresist on a device ingredient like the 
above, and it exposed using the wavelength:436nm light source for exposure. Light for exposure was 
made into the convergence flux of light by each refracting interface of the micro-lens array 50, and as 
shown in drawing 1 (a), it condensed on the front face of the device ingredient 10. Development 
removed after exposure the part by which light was irradiated. The removed part is a earthenware 
mortar-like reverse conical surface. "A half-vertical angle (one half of the angle of the cone crowning 
when cutting a conical surface at the flat surface which passes along the symmetry axis of a conical 
surface)" of this reverse conical surface corresponds to the convergence situation of the exposure flux 
of light. The above-mentioned half vertical angle was 48 degrees. 

[0080] Thus, the two-dimensional-array array of a reverse conical-surface-like concave surface 
configuration has been formed as the shape of surface type of a photoresist 20. 
[0081] The reverse conical-surface concave surface configuration of the above was made into the 
"start configuration", and isotropic etching was performed as follows to the photoresist 20 and the 
device ingredient 10. That is, the device ingredient 10 which had the above-mentioned start 
configuration formed in the layer of the surface photoresist 20 was set in the ECR plasma etching 
system, CHF3, 02, and Ar gas were introduced, it is the pressure of 8x10~3Toor, and isotropic etching 
was carried out for 40 minutes. Consequently, the concave spherical-surface configuration was formed 
according to each start configuration. 

[0082] Concrete 1 example of the example of example 2 drawing 2 is explained. The completely same 
device ingredient 10 as the above-mentioned example 1 and the layer 20 of a photoresist were used. 
Completely like the example 1, the ECR plasma etching system which introduced CHF3, 02, and gas 
performed anisotropic etching to what formed the two-dimensional-array array of a reverse conical- 
surface-like concave surface configuration in the layer of a photoresist 20 for 20 minutes on condition 
that 2 - 3x10~4Toor, each above-mentioned concave surface configuration was deepened to the device 
ingredient side, and it considered as the 2nd concave surface configuration (concave surface 
configuration 202 of the shape of a reverse conical surface of drawing 2 (a)). 

[0083] The concave bend side configuration of the aspheric surface as shown in drawing 2 (b) was able 
to be formed by making this 2nd concave surface configuration into a start configuration, introducing 
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CHF3, 02, and Ar gas in the same ECR plasma etching system, adjusting an introductory quantity of gas 
flow and etching conditions, decreasing a selection ratio, and performing isotropic etching for 20 minutes 
on condition that 8x10~3Toor. 

[0084] Concrete 1 example of the example of example 3 drawing 3 is explained. Cr vacuum evaporation© 
film (it is equal to isotropic etching) was formed in one side of the same device ingredient as examples 1 
and 2, by the photolithography and wet etching, the mask pattern 30 (pattern which arranged opening of 
a circle configuration to two-dimensional) was formed, and the layer of a photoresist 20 was formed on 
it. 

[0085] In the example 1, similarly, what formed the array of a reverse conical-surface-like concave 
surface configuration in the photoresist was set in the ECR plasma etching system, CHF3, 02, and gas 
were introduced, anisotropic etching was performed for 20 minutes on condition that 2 - 3x10~4Toor, 
the above-mentioned concave surface configuration was deepened into the device ingredient 10, and it 
considered as the 2nd concave surface configuration 203. Then, the mask pattern by Cr vacuum 
evaporationo film was removed, again, CHF3, 02, and Ar gas were introduced by the above-mentioned 
ECR etching system, isotropic etching was performed for 20 minutes on condition that 8x10~3Toor, and 
the array of the concave bend side configuration of the aspheric surface as shown in drawing 3 (d) has 
been formed. 

[0086] The concrete example of the example of drawing 4 is explained. 

Using the Si crystal version as example 4 device ingredient 10A, that (100) field was ground at the flat 
surface, Si02 film was formed on this field, on it, the photoresist was applied further and mask layer 20A 
was formed by the layer of a photoresist, and Si02 film. 

[0087] Width of face: After forming a 1 -dimensional grid-like pattern (30 micrometers and 
pitch:100micrometer) in the layer of a photoresist by the photolithography, by using the pattern of a 
photoresist as a mask, dry etching was performed, patterning of the above-mentioned 1 -dimensional 
grid-like pattern was carried out to Si02 film, and the above-mentioned (100) field was made to expose 
according to a pattern. When etched with the etching reagent (an oxidizing agent (ECHIRE diamine), a 
chelating agent (pyrocatechol), water mixed liquor), the cross-section [ of V characters ]— like slot was 
formed in the device ingredient 10A front face of anisotropic etching ( drawing 4 (a)). 
[0088] What removed the layer of the above-mentioned photoresist was able to be set in the ECR 
plasma etching system, CF4 gas was able to be introduced, isotropic etching was able to be performed 
for 1 10 minutes on condition that 8x10~3Toor, and the cross section was able to form the array of the 
cylinder side of the concave of a semicircle configuration as the shape of surface type of device 
ingredient 10A. 

[0089] Perform patterning to mask layer 20A formed in device ingredient 10A of an example 5 above- 
mentioned Si crystal, and patterning of the diameter:30micrometer circular configuration is carried out 
to Si02 film. (100) When the circle configuration was made to expose a field and it etched with the 
etching reagent in this condition, the reverse pyramid-like concave surface configuration of having the 
square base whose die length of one side is 30 micrometers according to the effectiveness of isotropic 
etching was formed ( drawing 5 (b)). 

[0090] What removed the layer of the photoresist of the above-mentioned mask layer was set in the 
ECR plasma etching system, CF4 gas was introduced, isotropic etching was performed for 1 10 minutes 
on condition that 8x10~3Toor, and the concave spherical surface has been formed in the front face of 
device ingredient 10A as a concave bend side configuration. 

[0091] The same mask layer 20A as examples 4 and 5 was formed on the (100) field, using Si crystal 
plate as example 6 device ingredient 10A. Patterning of the 1 -dimensional grid-like pattern (width-of- 
face:30micrometer and pitch: 1 0Omicrometer) was carried out to mask layer 20A like the example 4. 
When device ingredient 10A was etched with the etching reagent (mixed liquor of fluoric acid, a nitric 
acid, and an acetic acid), the one-dimensional array of a slot ( drawing 4 (c)) with the cross-section 
configuration near [ in a U character mold ] an abbreviation semicircle was formed of isotropic etching. 



-11 - 



[0092] What removed the layer of the photoresist of the above-mentioned mask layer was able to be 
set in the ECR plasma etching system, CF4 gas was able to be introduced, isotropic etching was able to 
be performed for 1 10 minutes on condition that 8x10~3Toor, and the cross section was able to form the 
one-dimensional array of the cylinder side of the concave of a semicircle configuration as the shape of 
surface type of device ingredient 10A. 

[0093] The same mask layer 20A as examples 4, 5, and 6 was formed on the (100) field, using Si crystal 
plate as example 7 device ingredient 10A. When carried out patterning of the diameter:30micrometer 
circular configuration, and the circle configuration was made to expose a field (100) like an example 5 
and having been etched with the etching reagent, the semicircle spherical surface which has the circle 
configuration whose diameter is 30 micrometers according to the effectiveness of isotropic etching was 
formed as a concave surface configuration ( drawing 4 (d)). 

[0094] What removed the layer of the photoresist of the above-mentioned mask layer 20A was set in 
the ECR plasma etching system, CF4 gas was introduced, isotropic etching was performed for 1 10 
minutes on condition that 8x10~3Toor, and the concave spherical-surface configuration has been formed. 
[0095] The example of invention according to claim 5 is explained. 

The layer of a photoresist 20 was formed in the one side, using the parallel plate of synthetic quartz as 
an example 8 device ingredient. Using the photolithography method, a diameter:4micrometer circular 
pattern is formed in the shape of two-dimensional in 7-microrneter pitch, a device ingredient is etched 
into a depth of 1.15 micrometers by the ECR plasma-etching method, and the configuration of the 
above-mentioned circular pattern is carved and copied into a device ingredient. 

[0096] The device ingredient from which the layer of the above-mentioned photoresist was removed 
was set in the ECR plasma etching system, CHF3 and 02 gas were introduced, isotropic etching was 
performed for 24 minutes on condition that 8x10~3Toor, and the semicircle ball concave surface 
configuration which has a flat part in a pars basilaris ossis occipitalis has been formed. 
[0097] In the layer of the photoresist formed in the device ingredient which is the parallel plate of 
synthetic quartz like the example 9, by the photolithography, array array formation of the 
diameter:2.0micrometer circular pattern is carried out in 5-micrometer pitch two-dimensional, and it 
etches into a depth of 0.8 micrometers by the ECR plasma-etching method, and a device ingredient is 
engraved with the configuration of the above-mentioned circular pattern, and it is copied. 
[0098] The device ingredient from which the layer of the above-mentioned photoresist was removed 
was set in the ECR plasma etching system, CHF3 and 02 gas were introduced, isotropic etching was 
performed for 16 minutes on condition that 8x10~3Toor, and the array array of the semicircle globular 
form concave bend side configuration which has a flat part in a base as well as an example 8 has been 
formed. 

[0099] In the layer of the photoresist formed in the device ingredient which is the parallel plate of 
example 10 synthetic quartz, by the photolithography, array array formation is carried out in 7- 
micrometer pitch two-dimensional, a diameter: 1 .Omicrometer circular pattern is etched into a depth of 
1.5 micrometers by the ECR plasma-etching method, a device ingredient is engraved with the 
configuration of the above-mentioned circular pattern, and it is copied. 

[0100] When the device ingredient from which the layer of the above-mentioned photoresist was 
removed was set in the ECR plasma etching system, CHF3 and 02 gas were introduced and it etched 
for 45 minutes on condition that 8x10~3Toor, it differed in the above-mentioned examples 8 and 9, and 
the array array of the semicircle globular form concave bend side configuration which does not have a 
flat part in a base has been formed. 

[0101] The optical device manufactured according to examples 8, 9, and 10 can be used as a reticle 

(mat plate). 

[0102] 

[Effect of the Invention] As explained above, according to this invention, the new optical device and 
optical device manufacture approach can be offered (claims 1-8). 
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[0103] Since invention according to claim 1 to 6 performs isotropic etching after forming a start 
configuration first like ****, it can form the concave bend side configuration of the large range as the 
shape of device surface type with the combination of a start configuration and isotropic etching. 
[0104] An optical device according to claim 7 can be used as an optical element with a negative 
refracting interface, for example, a micro concave lens, a micro concave lens array, or a die for convex 
surface configuration shaping. 

[0105] An optical device according to claim 8 can be used as an optical element with the reflector of a 
concave bend side configuration, for example, a micro concave mirror, and a micro concave mirror array. 
[0106] By adopting isotropic etching, as for claim 7 and the optical device of eight publications which 
are manufactured by invention according to claim 1 to 6, the concave bend side configuration formed 
has little variation, and they can be realized by low cost. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing for explaining one example of invention according to claim 1. 
[Drawing 2] It is drawing for explaining one example of invention according to claim 2. 
[Drawing 3] It is drawing for explaining one example of invention according to claim 3. 
[Drawing 4] It is drawing for explaining one example of invention according to claim 4. 
[Drawing 5] It is drawing for explaining one example of invention according to claim 5. 
[Description of Notations] 
10 Device Ingredient 
20 Photoresist 

50 Micro-Lens Array Used for Exposure of Layer of Photoresist 
[Translation done.] 
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[0 0 4 0] fef, ZO&mMiZte^X'b. 7* bis 
^^h©JitBfS©IHlBi»tt*»J*'r**T«, 01© 
SUSSWCfcttS (a) , (b) 0IgiraiT$>5tt 

so [0 04 1) 01 (b) iC^T.t'pJC, 7*hl^7.h 
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2 o ©sic, BT^<oaffi»«*«»riEsnfce», *^t±. 

#tt©Xy?->^£fT-3T, ±EPaiB»« (01 (b) 
<D^2 0 ITitTO) ^TW^ttfil 0fiiJ^SiJ6 
T, 0 2 (a) K*T«I#JB2iaB»«2 0 2 

[0 0 4 2 J I2IHIW2 o 2^ta%m^t 

LT, 7*H/^h 2 0 6DltfM^»fil0tC 

Sit r§Mffli7f>^j £*T5i, 0 2 (b) k 
*TJ:'5CSB2|HlBi»«2 0 2 KUSUfcGOttiBJtMft 1 0 

[0 0 4 3] 7t M/yXh2 0tr/H 

s«*w«co, ^snfcPDffiffi^i o 2«> Mguie 

r#j*ffi»ttj taotus. 
[0044] i3(i as*a 3 ewot^m-f xmm. 

[0 0 4 5] M*5t 3 ffiigcroft^x AW ^»ifi*ft-C 

[oo4 6] ^©sti^jT-n awft}!e*#»-p*5¥ 

* N2 0©i*5fSli3nT^5. iT.ttn*— 

v-f i7nb>X7U-f 5 0©fi©JBSfffiroi2?iJ(r 

[0 0 4 7] 7^f^nl/>7:7H 5 OS^bTi^— 3t 

Si, 03 (b) \Z7r,t&o\Z. mi£(DWMMVt2 0 1 
hl/vT. h 2 0tcfl£f££tt£. u^ST*©7'nt 
Xtt, Bl«D*lS«(!D*^tl?l«T»5. 
[0 04 8] Z\<D#mfr*>* 7*M/^h20©Ii 

T. 0 3 (c) K^T .fc-ytc, M»tt2 0 1Sr/H 

**mi om^mtbrzm2wmm^i2 o 3£^e£-r-g>. 

[0 0 4 9] VX£A^->3 OfcKJSLfc©^ S§2 
wmBW.2 0 3£Ui§g^#iLT, r/H7#»10t 
**LT r«|7jtt©Xy^>yj tfrii. 0 3 (d) (C 
jRr±5KJB2HB!»«2 0 3 {CjSbfcDDft®^ 1 0 

[0050] tufe»tt*«. ife*«tnit*»cufc'>'j> 
a. 

[0 0 5 1 ] cn*5«6*ftJ:3C. »*B2, 312 



(5) 

^xA-f XWSitCjILT^*. #JH, T-f^PU>X 
7H 5 0 (C*5tt?>agfffi^, 0 3 (a) ©. 0®tC¥ 
Xf **|6]^*^->'J >*'ffii-rtlH rAWXlffll: 
tt. «0rffi»#*«. 0 2 (b) , 0 3 (d) ©®jgtre 

[0052] Iin&H2. 3 K^-TlgJSWr, r/HX 

»»c»«anfciaiJiiiif»«KR»iB*»j« UTT>f 2 

DElffi^T l^f i bT&fflT*£-5-ite#JllT&a. 
[0 0 5 3] 04lt «#S4fei£©^xA-rXt3jg 

[0 0 5 4] »*JH4E«03lt*5 f /WX«iB^ttT 

»*2ftfcfWX«fij ^ffl^e>n-5o 0 4 (a) C 
*fr»T, f WX#fl 1 0 AUS I #fiTl«3ft. S 
i (1 0 0) Hft«R«fc»rtbfc. 

(10 0) ffiS«rrSffiT?W*bfc¥»&BS*T4. 

[0 0 5 5] dCfcp&TVW Xffil 0 A©±fB (1 
0 0) ®±(C. S I 02«&RW\ *flS>±Kl7*hW5? 
XhOJlSRtt. ^tie»S i 0 2 li7* hl/yT, h© 
20 ItTYX?I2 OASisSUT^Ii. 

[0 0 5 6] 7X?|2 0 AtCttU ffij£<Drtj> — > 

[0 0 5 7] ClCD^ffitCiS^T, mitm, 3rlo-hM, 

&«&t. -rat. siw <i o o> 73fr©x-yx 

>^»a«*»<. (Ill) ^©X-yfP^iSK^ft 
fcjBl^fcfcH, 0©<fc?K, ffliJUiC (111) 

30 [0 0 5 8] VXi'KDiiPM?: mi&WftS if* 
fc, ±E rs7jttx-v^>fj ©*g*tt. 04 (b) fc 

[0 0 5 9] fcfc, xm^WWOTtflttSffiKS ib 

(10 0) ffii&6J:3lc»j*U S^!:±ffi77i7l 
•6. 

.40 [o o 6 o] z\<d£o\zlt. f»aiistiitwmmvt*m 
%Kft£\.T?n^xmMzm?5®L^vT>>?*ftoz. 

€fSCitt«,BK:ffl«f£nj: , 5. 
[0 0 6 1 ] i4 (c) 11 @4 .(a) ICfiPbTiftWU 

T. XU-y h^tr/\*-fXtfflS (Si (10 0) 

b5).£«ms-&, yym, mm, mmfrzmtiiznz® 

7j ttX -y x > X <y 5P y V £J| Lfc ^§15:^ 
LTlri*. CCD*^«, S i C»T4Iyf>^aSi9« 
50 ^TOiigaffltSLT^FLUfeft. 0©«fc5(C. v'J> 
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[0 0 6 2] 04 (d) tt, 04 (b) KHPLTttWU 
^gP5J-TxA*-f Xttnn (Si (10 0)®) £SM£ 

Z.<Dm&\S, S i \zn-f2>X.y?>>fmmtf£T<D 

[0 0 6 3] 04 (c) , (d) \Z7jkT£o\ZMf$,2n 

[0 0 6 4] B5I1 5 g«©3t*xAW XSSig 

A©B#T;>7©v-f i7Dv-U >^1/>X©7H 

[0 0 6 5] M$£ 5 SStfflTtfryW 7.®!3g^i£T" 

[0 0 6 6] 7^M/yXh2 0(Oll:ll r^hU 
©t&JTte, 0 5 (a) ©, ttttfoGVytttotT 

U 05 (b) icasT J: 5 fc, ±e» J p/1*->fc:f£3 
3*7G©HJ-:7#A^->£:7:i- h 1/yX h 2 0 ©« 

[0 0 6 7 ] ZWVtmz&^T* y* h»2 0 

5ic«o3?snfc»**, 05 (c) k^t. hm*©* 

$ : Ctt. S7JltX-y^>^©S^it^iSBt--5CtlC 
[0 0 6 8] *D?3nfc»«SUi38Mi:LT. x.A 

#js-f*. Mfc-ztizmimMmt. d©^!60!i©*£, 

[0 0 6 9] Z<D£%l&tft2nZVn<Di'V>-SfVm<DM 

« mmmmvo n, ta»»« (0 5 (c) tc^t*. 
bps, aj»#tt©-+ifc£x»;/?->^*#K<k 



(6) 

[0 0 7 0] 0 5 (c) IC&^T. -tS:A*5/h$<, 
io, : C****<tt*Kd£, £rzX.y?>{f&1] 
^iK^SSf, ->U>^©IHft®»««, 0 5 

(e) »c*-r«t'5K*WriB»**«¥n»*Kie^*, 2! 
©4§£{::te> 0 5 (d) ic^Ti^t;:. ->u>ytt©oa 

[0 0 7 1 ] Hl~H5»CSiiflLfc#mfiWCft^T. 
[0 0 7 2] 0 5©3UgWC:te^T&< tt^n-SDDttffi 

jg«fcsi*8H£»j«-r* utci^ ks* s©3t#7W 

[0 0 7 3] ETF. HflsttttffilSRWr*. 
20 [0 0 7 4] *##J 1 

0 1 ©*s£#j©jyfcw i hsrw*-*. xaw xtm i 

* M/yXh20^XH>a-hb < X'J^-^bTJP 
$ : 2 0/imCltL/i. 7t M/yX h 2 0©III7 
-f^n^XTU'f 5 0 J$-ft£BS»LT 

[0 0 7 5] ^0V-f^7Ol/>X7K5OH KAT© 

[0 0 7 6] ffiJP : 2. 2 0 5mm, SF-6 0©¥fT 
so ¥«iK©^^X**^©)tffifc7* h<Dm&MrfL 
U 7*h'JVy*77^-ffil:J:oT 1 ¥1: 1. 0 2 
SmmOnifflQfll^t^f : 2 mmT 2 ^7cSBJiJ(C 
JBfifcU £©i£lfflffiJEM*£&#tt©X^>y{;:J:i3± 

T, 01 (a) fcf?^5 0TjjVr<fc-5fcV-r£DU>X 

[0 0 7 7] BtfffifcJ:*U>X©*r$S&Sttl. 600 
mm, U>Xtfy^: 2. OmmT'fe^. H#r®«#S* 
®m»cT% Ji»©#S£®©5£ 
40 Z= (Ch2/i+^ [i- (k+1) C2h2] } + a 
h4 

C = 1/R (R : 4>4>ffl*¥g) 

k : H«|j£», a : 4&©##Bi5£» 

Z : ^XltSlRjtt^&OEII 

(C^tt^Rgl^ : k=- 0. 3 1 6 6 5 8 1. 4#© 
fmm&W. :a = 0. 1501482X10 -2T"«fS 

so [0 0 7 8] ±fgv-f ^7Qy>X7H 5 0 ©&B£f® 
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T^**», ±t5g7jtt©X-y3 1 >y'©^©X-7?>£':£ 
#©««, BPS. S#!J££Ttf£;i£ (8£H3IAft£# 

[0 0 7 9] £©V-f ^DU>X7H 5 0£±l2©*n 
<, T;H7tt»±07* hk/X h©JH;:£*$-B\ 
ffig : 4 3 6 nm«@ftfflftS£ffl^T&ft$:fTo£. 

-7-r i7Di/>X7i/-f 5 ow^s-agTST* 

1 o<7)«fflT*3tLfc. mmm-znrz&ftz 

n ^ a z> w-m t r n® * «j»f b t # © r fftigg&© ^ © 

«4 8° 

[0 0 8 0] uOiotLT, iBHiiiB#©IHIBHMfc© 
bTi*j£T*#7c. 

[0 0 8 1] ±teJMRHffi«©|H]ffiJim£ rtB^^j 
tL, 7* h UiSX h 2 0 tT/H7t}fi 1 0 <h(C*fb 

xAW X^ifsfl 0£, ECR77X-7X7f>ySfl; 
t-^U CHF3, 02. ArflX^lALT- 8X1 
0*3Too r©ffi*?T?«S2F«Iy7->^£4 0 #f«fl3l*£ 

b&. c©*g*. *m»»«K«:i;T, ca^®^**^ 

[0 0 8 2] 2 

H 2 ©^^©HftW 1 H^RMf*. ±IS*^J 1 t 

fcfflUfc. JMtftl t±<ra«6tLT. 7*hl/y^h' 

2 0©df;:, a»n«Btt©0nffi^«©2*7CT'U-1'E5iJ 
SMl/fcfeOl:a*ttlyf>y4. CHF3, 02, 
#X£«AbfcECR7°^Xvx-.y^>^g®T\ 2~ 

3 X 1 0 *4T o o r ©2H$T 2 0 ftfflfTl^ ±B3-[H® 
®#£r/W*»»«^S»T*2G!]iIi«M* (0 2 

(a) ©jS»H«lffit»t©IHl®^2 0 2) £bfc. 

[0 0 8 3] £©S62Klffi»tt£ffl5fi}8tf£U PICE 
CRX^X^Xy^^gfitCiSt^T, CHF3, O2, 
Ar^mU #A^xaE»tX-y^>^#*IH 
fibTSffi!Jt£M'>$-t!\ f*tti7f>^8xi0 
*3Too r©*#T2 O^Mff 5 ^ tlc«t 0, 0 2 

(b) fc*r«t5«t#«ffi©IBftiB»ttS:»J*T*^i; 

[0 0 8 4] 3 
B 3 ©£*«©*#« l«*R9rr*. 2t 
MUT/HXffflfflfrll:, Crlfl (^TjttX-y^ 

hX.y?>?t\Z£K). -77.i7/N'^->3 0 (RJBtt© 



(7) • 

A? 

MPS:2^7ctrE^JU^3'-» SJBjSU J t<D±lZ 

[0 0 8 5] &#mi \zmf^tmmzvx. 7*vv 

v^X M;:iMRIiffitt©[H]Bmfc©E^J£J£f£b*:t>©£ 
ECR77X-7i7f>^gil:t7M/- CHF3, 
O2, #X£a»AbT. 2~3 X 1 0 "^To o r ©£ft 
T-H7jttX-y5 L >y'^2 0»|HIff^ ±CDfliB»«*7 f 
A*-TX#i|Sfl 0rt^ai«>TSB2IHlBD»tt2 0 3 ibfco 
*■©». C r jfl*BifcJ:*-7X^^^->SH5*U; PI 
10 «:±ffiECRl7f >^8iT, CHF3, O2, Ar^ 
X^AIT, §Ml7f>^8xl0"3Toor 
©*frT2 O&Mfxt^ 03 (d) t^tio^ 
S©GflftffiJg«©E59*»j*T*&. 

[0 0 8 6] B4©*S6«©JM*««*K9rr-5. 
JM*H4 

rMzffllOAibt. SiigaBg<&fflU, *■© 
(10 0) ffi*3PffitW*L. d©ffi±lcS i 02^^ 
7£f£b, *(D±\ZW.\Z7* bUzST, h£&*U 7:*h 
1/y^ h©fiS i 02KiTVXi7H2 0 A£Jg/£b 

20 fZo 

[0 0 8 7] g: 30/im, tfyf : 1 0 0/xm©l* 

bT X-y^^SrfTl^ Si02^(w±fBl 
#7cte^#A^->£A;y-x>^U ±15 (10 0) 
I$;^->«oilSStL i7f>^i (1Mb 

M (Xfl/y75» , *l^-b&J (hfD^x^l- 

^K«tO«WrffiV*tt©**«. f;H^»ttlOASH 
30 (CPfigSnfc (04 (a) ) . 

[0 0 8 8] ±157* hrol^SLfcfc© 
ECR7°7X-7X-75 1 >y'g«[C-t^ hU CF4 
^&«ALT, 8 X 1 0'3to o rCtttTl 1 0# 

->U>^ffi©E50S:, x/t-f^Wtti 0AOSW«i 
bT^fiTf 3 d fc**T*fc. 
[0 0 8 9] 5 
±ffiS i ^©f;H7lffll 0 A\ZMf&2tltz-?Xi? 
«2 0 AfCA^-x>^^fT^. S i fig: 
40 3 0itra«niiM/^-->^LT, (100) I 

£Rjemtc^M2-t*\ ;©ttit'i7f>yifX7f 

>^T4t. ^ttl7?>^0>MCJ:oT < -3© 
;fi£#3 0 um©IE7ii^©ii5ffl&WT -5)^^75 H« 

©nflBB»«3&«»*$nfc (05 (b) ) . 

[0 0 9 0] ±187X^107* M'^hOiSBi 
bfct)©§r, ECR75X7l7?>i'81t:t7 h 
b. CF4^f7.i£^AbT, 8xiO'3Toorffl*# 
T*l 1 Oftm. mJj&^v^XfZft^. W&ffiMVit 
bTDa^MSr-rAW X»» 1 OACJlffitMTSft. 
so [0 0 9 1 ] 6 
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7W**mi o Atbxs \t£gkmzm^> ^© a 

0 0) ffi±tC, m#M4, 5 iH«©v;*£J12 0 
»J«Ufc. ftff«4t|p|«, tt: 3 0 Mm, tfyf : 1 
0 0 wmCD1^7C^«;l^->$rVXi7S2 OAI;^ 

SNt TX-y^>7*-f-5£. 

Kifil^flt (0 4 (c) )©l*7cB5U*«»J«Snfc. 
[0 0 9 2] ±12^7. #1© 7* K©Jl£Bfc5S 
l^fefe©*. ECR7 P 7XVX-y^>ifgglC-t-v h 
U CF4#7.£jgALT. 8 X 1 0 "3t o o r 
Tl 1 0#|SK «#ttXs^>y*fTt». «WrBf*»*PJ 

^ocflcDvu >^*ffi© i ^Tcga^ij^, fmxm 1 

[0 0 9 3] 7 
f/HXWlOAtbTS iigiS^ffl^- ^© (1 

oo) s±ic> jyfcm, 5, 6 tmm<D-?x?m2 o 

A£flMbfco JUtM5£HflftlC. itS : 3 0um©R 
»JtM*£^*-x>fU (10 0) I&nfKlClS 

#n»iB*<E]ii»tttUT}E?J«$nfc (El 4 (d) ) . 

[0 0 9 4] ±f2x'7;;7J12 0A©7* hUi?7. b<DM 
SfciLfc*)©*, ECR^7Xvi7f>^gll:t 
7hL- CF4#7.£agALT. 8xlO"3Toorffl 
MT1 1 0#W, ^*ttX-y^>^^fr^T. BflSgSi 

[0 0 9 5] W*S5l5*0*W©*fl:«SlJiWr-5. 
JH*C*J8 

ffiK7:* hUv^X h 2 0©H£J£j&L;fc. 7*MJV:7* 
77^-S$fflt>T, itg : 4 « m©RJg/1:?->£7 
Atmtf'>?-e2^7C^t^L, ECR7"7X7l7f 

[0 0 9 6] ±127* M/y^h©I4iiUfcf/H 
C H F 3, 02#X£«ALT. 8 X 1 0 "3t o o r ©£ 

[0 0 9 7] jyfctfij 9 

W;7*hUy^ h©JHe:7;t h 'J V^77-f <C<fc 0. 
BS:2. 0jim(DRf/^->^5jxnilf73 1 T*2^ 
7t\Z7\s4&mj»fiL\s, ECR7"7XVI 7 ? : >7'ST 
0. 8 umWSiSiCX-y^^l.T, ±ffi!R#At*-> 

[0 0 9 8] ±B7* hWi>*h©«£IS*Ufc7W 
ECRX7X7i7f>i/gfl:t7M> 



(8) 

/</ 

CHF3, 02#7£ij|AUT, 8xl0'3Toor©£ 
© 7 6H?'J £ m&LT'Zfz. 

[0099] 1 0 

1. 0Mm©Hf/^->^ 7 Mmtf-y^T2#7CtC 
7l/-f85ll»ltU ECR7"7X7l7?>ySTl. 
10 5 /xm©glSlCX<7f 1 >7'bT, ±fER^A^->©^ 

[0 10 0] ±127* M/yX hOl^iilfcrAM 
ECRX7X-7l7f >^Sfitt7 f>U 
CHF3, 02#7.£j»AbT. 8xl0'3Toor©^ 
frt4 Sftmxy7>if-r2>t. ±ffi*#«8. 9<hte 

[0 10 1] IWJ8, 9, 1 0K:<kD»itSnfc3t* 

20 [0 10 2] 

[5S9i©3o*] £H±K:KWLfcJ:3K. c©f£W~J:n 
tiSffiftJt^HX • )t^fA< XSSjg*ftSr*i«-C 
(W*W1~8) . 
[0 1 0 3] s»*5il~6?Bf£©fg0Jltt, ±k!!©£0<, 

[0 10 4] §f#W7fegc©^7WXte, ft©JBSr 

[0 10 5] »*«8E*03t^xA'f ^«IHtt®»« 
©SltS^itoTc^^. #U«v^nnj]®gH>v 
-f ZumWm.Tl'-l tUTffflTtS. 

[0 10 6] H*3Rl-6E«©»WC«£0«iBtSn* 
W*«7, 8te«©7t#7 r: AW7;«l?*ttX-y^>^$ 

40 mwcoffimtzwiw) 

m 1 ] ts#« 1 ie«©5Pj]© 1 njfi«*»wrsfc«) 

©0T&-5, 

[0 2] M*JH2«E«0«WCDl*i6«*|JiWr*fc© 

[03] w*3ii3flaito5ew©i^Eifi«*ittwr*fc«) 

[04] »*9i4e«OfSM0 1*ifi«S:lllWr«fc«> 
©0T-&S. 

[0 5] »*JB5E«05BM0 1IIJfi«*HWr-S&«e> 

50 



BEST AVAILABLE COPY 



« §3 ¥7-248403 




(d) 



^§§¥7-248403 

BEST AVAILABLE COPY 

(10) 



[05] 
(a) 




